Objective: This study quantified differences in indirect costs due to decreased work productivity between current and former smokers. Former smokers were further categorized by number of years since quitting to assess corresponding differences. Methods: Data on employed individuals were obtained from the 2013 US National Health and Wellness Survey (NHWS; N ¼ 75,000). Indirect costs were calculated for current smokers and former smokers from weekly wages based on age and sex. Results: The annual total indirect costs for current smokers were $1327.53, $1560.18, and $1839.87 higher than for those who quit 0 to 4 years, 5 to 10 years, and more than or equal to 11 years prior, respectively. There were no significant differences in mean total indirect costs between the former smoker groups. Conclusions: Current smokers showed significantly higher total annual indirect costs compared with former smokers, independently of the number of years since quitting smoking.
T obacco use is a global epidemic and a leading cause of illness and death worldwide. 1 In 2015, the World Health Organization (WHO) reported that over 1.1 billion people smoked tobacco globally. 2 While the prevalence of tobacco smoking has declined in the United States (US), with the percentage of adults (aged 18 years or older) who smoke cigarettes dropping from 20.9% in 2005 to 15 .1% in 2015, differences in tobacco smoking persist across sex, age, race/ethnicity, and socioeconomic status. 3 For example, in 2015, smoking prevalence was higher among adults aged 25 to 44 years (17.7%) than those aged 65 years or older (8.4%); higher among males (16.7%) than females (13.6%); highest among American Indian/Alaskan Natives (21.9%) and lowest among non-Hispanic Asians (7.0%); highest among people with a General Education Development certificate (GED) (34.1%) and lowest among people with a graduate degree (3.6%). 3 Smoking imposes a burden on individuals as well as society. Current smokers exhibit worse health-related quality of life (HRQoL), physical inactivity, sleep impairment, pain, and inadequate consumption of fruits and vegetables compared with non-smokers. 4 Smoking is the leading cause of preventable disease and death in the United States. 5 One in every five deaths, or more than 480,000 deaths, occur annually due to cigarette smoking in the United States. 6 Both active and passive smoking are attributed to over 87% of lung cancer deaths, 61% of pulmonary disease deaths, and 32% of coronary heart disease deaths. 7 In recent years, smoking was associated with nearly 2 years of quality-adjusted life expectancy (QALE) loss for US adults throughout their lifetime starting at 18 years of age. 8 The annual costs due to smoking in the United States from 2009 to 2012 were between $289 and $332.5 billion, including $132.5 to $175.9 billion for direct medical expenditures for adults, around $151 billion for productivity lost due to premature deaths for the years 2005 to 2009, and about $5.6 billion (in 2006) for productivity lost due to exposure to second-hand smoke. 7 Indirect costs of smoking are the costs to employers associated with lost work productivity due to absenteeism and presenteeism. 9 A systematic review and meta-analysis of 29 longitudinal and cohort studies in working adults reported that the increase in risk of absenteeism in current smokers was 33% higher compared with non-smokers and 19% higher compared with former smokers. Current smokers were absent from work an average of between 2 and 3 days more per year than non-smokers. [10] [11] [12] Another study reported that US smokers were absent from work around 6.5 days more per year than non-smokers, and that they and their dependents make more visits per year to health care centers than do non-smokers. 13 Evidence indicates that quitting smoking yields short-and long-term benefits to smokers. Shorter-term effects of smoking cessation include improvement in lung function.
14 About 12 months of non-smoking is linked to a reduction in the risk of heart disease, cancer, and respiratory diseases. 14, 15 Within 5 years of quitting, reductions in overall mortality as well as cardiovascular-and cancer-related mortality are realized, sometimes equal to the levels of non-smokers. 16 Improved HRQoL has been reported after only a 3-month smoking cessation program, irrespective of quit status. 17 The US federal workforce could also benefit from smoking reduction. A five percentage-point reduction in smoking prevalence within the US federal workforce could reduce medical costs by $59 million, absenteeism costs by $332 million, and productivity costs due to premature mortality by $117 over a 5-year period. 18 Quitting smoking also reduces both direct and indirect costs, benefitting employees, employers, and society as a whole. 19 Smoking prevention programs in the US may be effective at reducing lifetime medical care expenditures by $1.2 billion and increasing lifetime quality-adjusted life-years (QALYs) by 98,590. 20 After
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implementation of legislation that prohibited smoking in all enclosed public places, one study found that the number of hospital admissions for acute coronary syndrome was reduced by 14% among smokers, 19% among former smokers, and 21% among non-smokers whose exposure to second-hand smoke was decreased. 21 Several barriers to smoking cessation have been identified. Stress 22, 23 and urge to smoke or withdrawal symptoms were reported as barriers to quitting smoking among young adults. 24 Smokers undergoing the initial phase of quitting reported increased pain sensitivity and blunted stress responses compared with non-smokers, and their reported symptoms of withdrawal were associated with greater pain. 25 Benefits of quitting smoking may be realized quickly, however, even considering these initial ill health effects.
Additional barriers may hamper a smoker's attempt at medication-assisted smoking cessation in particular. These include inadequate patient-physician interactions, 26, 27 less effective cessation methods, 28 use of electronic cigarettes, 29 unfavorable reimbursement and access, 28, 30 low awareness of health risks, 31, 32 and hesitation or unwillingness to quit. 33 Other factors that may delay or prevent smokers from medication-assisted attempts to quit may include unawareness of available treatments 30, 34 and sociodemographic factors.
There is a paucity of studies examining costs associated with smoking-related productivity loss in the United States. While there are a few such studies representative of the US population, 9, [35] [36] [37] there are fewer studies quantifying productivity loss in terms of average dollars per person. 9, 37 In addition, there is a lack of research exploring the relationship between the length of time since smokers have quit and productivity loss. The current study sought to understand how quickly those who quit smoking may experience beneficial outcomes (eg, increased work productivity), building on a previous related study by examining monetary losses in particular. 10 The objective of this study was to quantify the difference in indirect costs associated with work productivity between current smokers and former smokers categorized by years since quitting smoking.
METHODS

Data
Data were analyzed from the 2013 US National Health and Wellness Survey (NHWS; N ¼ 75,000). The current study sample includes respondents who were between the ages of 18 and 64 years old, currently employed, and identified as either current or former smokers (N ¼ 15,181).
The US NHWS is a self-administered, Internet-based survey questionnaire of a large sample of adults aged 18 years or older residing in the United States. A random sample stratified by sex, age, and race/ethnicity was implemented to ensure that the demographic composition of the sample mirrored that of the corresponding adult population, based on data from the US Census. Several peer-reviewed publications have previously compared the NHWS with other governmental sources. 38 
Measures
Background Characteristics
Sociodemographic measures included age (in years), sex (female vs male), race/ethnicity (non-Hispanic White, non-Hispanic Black, Hispanic, or other race/ethnicity), and university education (4-year degree or greater vs less than 4-year degree). 30] , or decline to answer), and comorbid burden, which was measured by applying the Charlson comorbidity index (CCI) weighted scoring to respondents' selfreported diagnosis with corresponding conditions (myocardial infarct, congestive heart failure, peripheral vascular disease, cerebrovascular disease, dementia, chronic pulmonary disease, connective tissue disease, ulcer disease, mild liver disease, diabetes, hemiplegia, moderate or severe renal disease, diabetes with end organ damage, any tumor, leukemia, lymphoma, moderate or severe liver disease, metastatic solid tumor, and AIDS); greater CCI scores indicate greater comorbid burden on the respondent. 39 
Health Characteristics
Independent Variable
Years Since Quitting Smoking
Years since quitting smoking were used as the independent variable. Respondents were first asked if they had ever smoked cigarettes. If they selected yes, respondents were then asked for their current smoking status (ie, former smoker, trying to quit but not smoking, trying to quit but still smoking, and current smoker). Respondents who were former smokers or not currently smoking cigarettes were then asked in what year they quit smoking; this result was then subtracted from the year of the survey (2013) to calculate years elapsed since quitting. As in the prior study on which the current analysis is based, depending on the number of years since quitting smoking, respondents were divided into the following four categories: currently smoke (ie, current smokers, including those trying to quit but still smoking), quit smoking between 0 and 4 years prior, quit smoking between 5 and 10 years prior, and quit smoking 11 or more years prior. 10 
Dependent Variables
Annual Indirect Costs
Work productivity was assessed using the Work Productivity and Activity Impairment-General Health (WPAI-GH) questionnaire, a six-item validated instrument that provides the following four metrics calculated from hours missed and worked in the past 7 days, as well as rated percentage impairment in the past 7 days during work or daily activities: absenteeism (percentage of work time missed because of one's health), presenteeism (how much one's productivity while at work [quality and quantity of work accomplished] was affected by health problems), overall work productivity loss (an overall impairment estimate combining absenteeism and presenteeism), and activity impairment (percentage impairment in daily activities because of one's health). 40 Only absenteeism, presenteeism, and overall work productivity scores were analyzed as dependent measures in this study, given that only those scores could be used to derive indirect costs reliably.
Indirect costs were calculated based on weekly wages (by age and sex) obtained from the US Bureau of Labor Statistics (BLS, 2014). Hourly-based wages were estimated by dividing weekly wages by 40. Based on the age and sex of each respondent, the hours missed due to absenteeism and presenteeism were multiplied by corresponding hourly-based wages. These figures were multiplied by 50 work weeks per year to calculate annual indirect costs. The absenteeism-and presenteeism-related indirect costs per year were reported separately and used as dependent variables; these estimates were also combined to calculate total annual indirect costs.
Statistical Analyses
Two-part models were performed using STATA, version 14 (StataCorp LLC, College Station, TX) to assess indirect costs associated with years since quitting smoking. 41 Because of the high zero-skewed distribution of indirect cost data where most people have no loss in work productivity and absenteeism, single-distribution generalized linear models often cannot adequately model this type of data. 42, 43 Two-part models have been commonly used to better model indirect costs and to more accurately predict mean costs. [42] [43] [44] [45] In the first part of the two-part model, a logit model was used to predict the probability of having a positive cost. Due to the discrete and over-dispersed nature of the dependent measures, a negative binomial distribution with a log-link function was used for the second part of the model, to estimate mean costs conditional on the sample with positive costs. Estimated means (M), delta-method standard errors (SEs), and P-values for joint significance of parameter estimates from both parts of the model are reported for years since quitting smoking. Covariates in multivariable models included age, sex, race/ethnicity, university education, obesity, and CCI. 10 Two-sided P-values <0.05 were considered statistically significant. No missing value imputations or multiplicity adjustments were performed. Adjusted mean annual costs for former smokers (ie, those generated by the two-part models) were combined using a weighted average (accounting for sample size per subgroup) for the purpose of an additional, aggregated comparison against the costs for current smokers.
RESULTS
The average age of respondents was 42 years (SD ¼ 12), and most of the respondents identified as male (54.1%), not obese (70.3%), non-Hispanic White (71.6%), and earned less than a 4-year university degree (62.5%). The mean comorbidity burden of the sample was 0.36 (SD ¼ 1.00), as measured by CCI (Table 1) . 39 All variables were significantly different by years since quitting smoking (all P < 0.05; Table 1 ). Multivariable two-part models, controlling for covariates, were used to determine absenteeism costs, presenteeism costs, and total indirect costs by years since quitting smoking.
Based on years since quitting smoking, current smokers had significantly greater absenteeism costs, presenteeism costs, and total indirect costs than those who quit smoking 0 to 4 years prior, 5 to 10 years prior, and 11 years or more prior (see Fig. 1 and Table 2 ). For example, estimated annual total indirect costs for current smokers were $1327.53 higher than for those who quit 0 to 4 years prior, $1560.18 higher than for those who quit between 5 and 10 years prior, and $1839.87 higher than for those who quit more than or equal to 11 years prior. Compared with weighted average annual costs for all former smokers, annual costs for current smokers were estimated to be $512.29 higher for absenteeism, $1247.47 higher for presenteeism, and $1606.37 higher for total indirect costs.
There were no statistically significant differences in mean absenteeism costs, presenteeism costs, and total indirect costs between those who quit less than or equal to 4 years, 5 to 10 years, or more than or equal to 11 years prior to their survey participation. Table 3 presents the distribution of relatively short-term cessation among respondents who quit smoking within the previous 0 to 4 years: 48% quit less than or equal to 1-year prior, 37% quit between 2 and 3 years prior, and 15% quit 4 years prior.
DISCUSSION
This study provides evidence of the economic burden of smoking from lost productivity for employers and the near-term benefits associated with quitting smoking. Current smokers had significantly greater absenteeism, presenteeism, and total indirect costs compared with the former smoker groups, independent of time since they quit. Notably, indirect costs did not differ based on years since quitting, among former smokers. Even those who quit within 4 years of their study participation did not differ significantly from those who quit 11 years or more prior, in terms of indirect costs inclusive of absenteeism and presenteeism.
Results of the current study are consistent with previous studies that established greater work productivity loss for current smokers than non-smokers. 9, 10, [46] [47] [48] This productivity loss is attributed to both absenteeism and presenteeism due to smoking and smoking-related illnesses. The current study showed that across each of the four cessation groups, presenteeism costs constituted more than 75% of total productivity losses compared with those due to absenteeism. This substantial share of lost productivity by reduced performance, not work absence, is consistent with results of a previous study conducted by the American Productivity Audit, which found that 71% of total productivity loss was due to P-values represent the omnibus comparisons noting significant differences across quitting years and are derived from one-way ANOVAs (for continuous measures) or chi-squared tests (for categorical measures) and are two-sided.
CCI, Charlson comorbidity index; SD, standard deviation.
presenteeism. 37 Higher productivity losses were reflected in higher costs for current smokers and employers. The total indirect costs observed were higher for current smokers than former smokers, as described in previous studies. 9, 49 Quitting smoking improves work productivity and decreases direct and indirect costs, resulting in substantial cost-savings for employers. 11, 19, 50 Among respondents who quit within 0 to 4 years prior to their survey participation, the highest proportion of respondents (48%) quit at 1 year or less, and almost two thirds within 2 years, indicating that the benefits of quitting smoking are likely to be experienced early. This finding could help assuage employers' concerns that smoking cessation program outcomes will not be able to outpace rapid employee turnover.
Quitting smoking can be challenging for many smokers. Individuals trying to quit smoking were reported to have poor outcomes in terms of stress and withdrawal symptoms including pain. [22] [23] [24] [25] This highlights the need for support and services for quit attempters. Those trying to quit may initially experience deficits in work productivity (eg, increased stress). However, there is the potential for long-term gain in productivity among people who have quit smoking successfully, even within several months. A cost estimation approach of previously published studies reported that US employers face an excess cost of approximately $5816 per year for each smoking employee. 51 While high turnover rates at some companies might deter them from investing in cessation programs, the economic benefits of smoking cessation programs by employers and primary health authorities are far greater than the costs involved on a long-term basis, as reduced smoking at the workplace may translate into increased productivity, lower indirect costs, and a higher overall cost-benefit ratio. 13, 52 The strength of the current study lies in its insight into quitting smoking based on reported duration of quitting, as well as assessing the corresponding work-related costs and potential improvement with time since smoking cessation. At the same time, this study has a few limitations. NHWS responses were selfreported, and some respondents may not have revealed their smoking status correctly. However, the survey questions were designed to be simple and non-intrusive. The survey was also confidential, reducing the incentive to misrepresent one's reporting. Data were collected using cross-sectional methodology and Presented are comparisons of mean indirect costs by years since quitting smoking, adjusting for covariates including age, Charlson comorbidity index, sex, ethnicity, education, and obesity in two-part models. M, mean indirect costs; SE, Delta-method standard error. therefore preclude most causal inferences. Moreover, data were collected in 2013 and therefore, future studies should provide updates in case the pattern of results has shifted substantially over time. Whereas multivariable models adjusted for relevant demographic and health characteristics, other variables not included in these analyses may help account for the observed pattern of results. Costs among recent quitters in our study and among current smokers (especially those intending to quit) may in part reflect the impact of acute health care events that could have prompted smoking cessation attempts while also contributing directly to increased productivity loss and associated costs. 53 Therefore, the costs or cost savings among those who quit due to a comorbid condition may have differed systematically from those seen among respondents who quit in the absence of such a precipitating event. Future research, incorporating an assessment of reasons for quitting, can help tease apart the impact on these different cohorts. The human capital approach was used for the valuation of all potentially lost productivity and is most relevant when there is full use of labor or no unemployment, as is the case in our study where we included only currently employed respondents. 54 Lost productivity was valued by calculating the expected or potential earnings lost, for which age-and sex-adjusted standard wages were used. Other approaches, such as multipliers or friction costs, may account for additional aspects of indirect costs related to employment (eg, cost of replacing employees, effects of one employee's lost productivity on that of coworkers, etc.), but rely on assumptions and data not captured in the current analysis.
In conclusion, the current study findings reveal that smoking poses a substantial burden on employers in terms of increased indirect costs from lost productivity. This burden suggests an unmet need for better treatments and other interventions to help current smokers quit smoking. It would be beneficial for companies to support smoking cessation programs that facilitate quitting among employees. 
